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Abstract-Based on Harik's compact genetic algorithm, in this
paper a real-coded type of compact genetic algorithm, RCGA,
based on probability distribution function of each gene is
developed. The algorithm is applied to design a new small-size
tapered monopole ultra-wideband antenna as a practical
utilization. The antenna is a modified PTMA which is able to
improve the bandwidth using eleven degrees of freedom. The
final optimized antenna design works from 3.1 to 11.7 GHz and
has only 48% of the size compared to previous work.

I. INTRODUCTION

In recent years, many antenna designers have become
interested in genetic algorithm and other evolutionary
optimization methods to design optimized antennas [1].
These algorithms avoid to be trapped in local optima using
automated population-based incremental learning. Because
of the semi-independent nature of these algorithms with
respect to the problems to be solved, these algorithms have
been used in literature [2-6] for designing many kinds of
antennas such as array antennas, Yagi-Uda antennas and
corner reflectors. The capability of these algorithms stands
out when the number of optimization parameters increases
and when the dependency of the solutions to the parameters
has very sharp variations or contains lots of local peaks.
They increase the probability of reaching the global optimum
of a complex solution space.

Here, we present a newly developed version of these
evolutionary algorithms, known as real-coded compact
genetic algorithm (RCGA). Our algorithm is a real-coded
version of Harik' s compact genetic algorithm called CGA [7-
8]. Due to the deceptive nature of antenna optimization
problems with a lot of variable parameters, powerful GAs
search everywhere in the solution space before convergence
is reached. On the other hand, RCGA is favorable while it
converges more cautiously on this kind of problems.
One of the main concerns of antenna designers is to design

an antenna while keeping the size as small as possible. The
introduced antenna, called PTMA, built on a high dielectric
constant substrate, is capable of achieving this.

In this paper the developed RCGA algorithm is applied to
optimize the new version of PMTA to design a very small
UWB antenna. Note however that the algorithm can be
applied to any other structure as well. In section II the
mentioned RCGA algorithm is discussed. In section III the
modified PTMA antenna is introduced. The application of
optimizing the PTMA antenna for maximum bandwidth
using the RCGA algorithm is then presented in section IV.
Finally, the paper is concluded in section VII.

II. REAL-CODED COMPACT GENETIC ALGORITHM
(RCGA)

In CGA Harik et al took a minimalist view of the
population and created a GA that imitates the order-one
behavior of a simple GA (SGA) using less memory than a
conventional SGA. The algorithm is based on a probability
of being 0 or 1 for each bit. See the flowchart in Figure 1. In
the beginning of the algorithm, all bits of the binary
chromosome are supposed to have an equal probability of
0.5 to be 0 or 1. Using this initial probability a limited
number of solutions is produced. Exploiting the concluded
information from each generation, the probabilities of being
0 or 1 are evolved during the algorithm. Thus, the modified
probabilities of being 0 or 1 are used to create the next
generation. This procedure continues until each probability
arrives at 0 or 1.

The RCGA algorithm is based on evolution of the
probability distribution function (PDF) of each variable of a
real-coded chromosome. In the beginning, each real-coded
chromosome is supposed to be uniformly distributed in its
pre-defined range. Exploiting the information of the first
generation, this PDF is evolved to produce better results in
the next generation. This procedure goes on until the PDF
concentrates around a single point which is the optimizal
point.

In our algorithm, the probability factor is substituted by an
array of PDFs fx(x) = [fx (xl), fx (x2)........ fx (Xgene)]. This
PDF vector acts in RCGA like the probability vector p in
CGA. First of all, we initialize each of the PDFs with a
uniform distribution between the minimum and maximum
value of each variable. But for uniformity we suppose each
PDF has been distributed between 0 and 1 and then it can be
mapped onto the original range using a simple mapping.
Afterwards, using these PDFs, the first candidates are
produced and then evaluated, compared, and finally the best
solution(s) is selected similar to CGA. Using these elite
chromosomes, we modify the PDF vector in the following
manner. It is clear that each PDF should give emphasis to the
point in which the best chromosome is placed. As a simple
ranking approach a small piecewise Gaussian function is
added to the mentioned region and deducted from the rest.
Equation (1) represents the procedure:

fx (XA)1 fx (xi)
+ (kfitness)[ 1 exp((x )2) - 1]
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Fig 1. Brief flowchart of the CGA algorithm.
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Fig .2. PDF modification by a small Gaussian function centered at the
values of the best candidate for two approaches.

where xi stands for the ith component of chromosome array x

and x bet is the value of the best candidate. Parameter k

indicates the number of iterations and u is the standard
deviation of the Gaussian function. (fitness, k) stands for the
miniaturization factor which scales the Gaussian function in
equation (1). This factor could depend on k to change the
speed of convergence or on the fitness value of the best
candidate to follow the best candidates according to their
fitness during the optimization. In our approach, it is held
constant for simplicity. The subtracted part in equation (1)
keeps the entire probability of the PDF unchanged equal to
1. Fig. 2 shows a simple illustration of the PDF modification.
The above method has a drawback. After some

generations, normally after ll/(fitness,k) time, most part of
the PDF range reaches zero. Therefore, as an alternative,
equation (2) can be used:
fl (xi)k +1 fl (xi)k (2)

x [ + &(k ,fitness exp( i 2 )

5 ~~2a
All of the parameters in (1) are present here as well, but
modifying the PDF in (2) is done by multiplying with a

Gaussian function. Thus, nowhere the PDF will reach zero.

Fig. 2 also shows this kind of PDF modification. It can be
seen later on that both methods act similarly at first, but work
differently after some modifications.

Using the updated PDF vector, the new iteration can be
started. Thus, the new candidates should be produced
employing new PDFs. These iterations will continue until the
termination criterion is satisfied, which may be the
concentration of each PDF around a single point. Moreover,
it should be stated that the mutation operator can be either
added to the PDF vector or produce candidates similar to
conventional real parameter mutations, although addition to
the PDF vector looks more reasonable.

The main motivation to implement a real-coded GA is
precisely the advantage of real-coded genetic algorithms
over binary GA which has been pointed out by many
researchers. It is obvious that for analog continuous
problems, it is better to exploit an optimization algorithm
which utilizes real variables to represent each solution.
Several antenna designers have already exploited GAs for
their optimization [5-6,9-10]. Fig. 3 illustrates a comparison
between 6 kinds of genetic algorithms for a difficult
optimization problem with the global point of 0.008
averaged over 40 tests. It shows the superiority of the RCGA
algorithm in deceptive problems.
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Fig. 3: Comparison between six kinds of genetic algorithms.

III. MODIFIED PTMA ANTENNA

There is an increasing need for ultra-wideband antennas
with small size. Recent advances in integrated circuits and
wireless communications enable us to fabricate miniature
antennas for lightweight, ultra-low-power, intelligent
monitoring devices. The antenna is an important element in a
communication system. In case of UWB it plays a critical
role because it can influence the complexity of the receiver
and transmitter design.

Reducing an antenna's size however will cause
considerable degradation of the bandwidth, radiation
efficiency and cause difficulties in impedance matching. In
other words, there is a trade-off between size and
performance of the antenna. This limitation is a fundamental
limitation which has been suitably described by Chu-
Wheeler [11-12] and modified by McLean [13] for small
bandwidths, but it is not regular for wide bandwidths.
One of the existing methods of reducing the electrical size

of antennas is to use high dielectric constants. Thus, using
silicon substrates, we can reduce the size more than
integrating the antenna in a chip arrangement. In this section,
a novel small-size, low-cost, printed monopole antenna,
called printed tapered monopole antenna (PTMA) [14] is



introduced and modified .The antenna is based on the planar
triangular monopole [15], which was originally based on the
tab monopole [16]. It yields a larger bandwidth while
keeping the size unchanged.

The antenna structure consists of a tapered radiating
element fed by a microstrip line. In our design a slot is added
in the tapered radiating element and in the ground plane,
which yields a wideband behavior with a relatively good
matching.
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Fig.4: Top and bottom layer view of the UWB PTMA antenna.

The major advantage of the new design is the new profile
for the tapered radiating element. This profile allows to have
a curved profile with five degrees of freedom. The five
points in this profile are selected and splined to make up a
tapered profile as show in Fig. 4. Using these five degrees of
freedom and six other degrees of freedom in the matching
part, the cut part, the feed part and the gap, we are able to
miniaturize the UWB antenna. However, eleven variable
design parameters make the design procedure too
complicated. Hence the best way to optimize this problem is
the use of a powerful genetic algorithm like RCGA to reach
a satisfactory result.

The antenna is designed on a high resistive silicon
substrate material, with a dielectric constant c of 11.9, which
does not change with frequency. The thicknesses of the used
copper metal layers are 5 pim.

IV. OPTIMIZATION OF THE MODIFIED PTMA

In order to apply the optimization procedure, the RCGA
code has been developed in VB environment linked with CST
Microwave Studio 5 as an antenna solution evaluator.

In the time-consuming antenna optimization problems,
most of the time spent by GA optimization is due to the
antenna evaluations. Thus, supposing that RGA converges
after 20 generations and RCGA after 100, the overall
required time will be equal.

The goal of the optimization experiment is to obtain
improved bandwidth for the PTMA antenna. But it is
obvious that by miniaturizing the antenna it is too hard to

achieve a good return loss in the whole bandwidth. Thus, an
artificial fitness function is defined in (3) which is based on a
saturating function of the return loss. This fitness function
pushes the return loss to less that the coefficient Knee. In
other words it prevents the antenna to have a frequency
which returns more power than Knee coefficient while it
does not care to improve the return loss more than Knee
coefficient.

(3)fitness= Y Sr<(fl' / SIIj(f)l +1)

The Knee and Slope coefficients are chosen to be 7 dB and
14 respectively after some trial and error experiments. In
addition, the antenna dimensions are limited to values which
keep the size as small as possible as mentioned in Table I. A
virtual population of 50 and a candidate population of 10 are
set fixed for the RCGA algorithm. Two of each candidate
population are selected for PDF modification. A mutation
rate of 40%0 is used for the algorithm.

TABLE I
Variables of antenna (Limits for RCGA and Final Results)

Parameter Min. Max. Best
mm) (mm) (mm)

Air Gap (g) 0.1 1 0.83
Feed line's width (wf) 0.3 2.5 0.68
Matching section's width (wm) 0.2 2.5 0.73
Matching section's length (lm) 0.5 3.4 0.99
Cut section's width (wc) 0.3 2 1.16
Cut section's length (lc) 0.5 3.5 3.34
Initial width oftaper (pl) 0.5 2.5 1.63
First Increase (ApI) 0.5 2.3 0.86
Second Increase (Ap2) 0.5 2.3 1.1
Third Increase (Ap3) 0.5 2.8 2.08
Fourth Increase (Ap4) 0.6 2.8 1.42

Although desirable performance is favored from 3.1 GHz
to 10 GHz, acceptable performance is achieved between 3
GHz to 11.7 GHz for a VSWR below 3. Fig. 5 shows the
optimization process to reach the maximum fitness
introduced in Equation (3). The maximum dimensions of the
antenna are 22.0X 15.7X0.3 mm3 (1xwxh). It is very important
that we have reduced the maximum dimension and area of
the antenna to 22.5% and 48% respectively compared to the
similar antenna in [12] which measures 25.0X28.5x 1.27 mm3
(1xwxh). The final results of the algorithm are also listed in
Table I. It can be seen that the final antenna width is 14.74
mm and the length is 21.91 mm.

Full-band antenna return loss and VSWR from 3 GHz to
12 GHz are shown in Fig. 6. It is clear that the antenna works
between 3.1 GHz and 11.7 GHz. The transmitted and
received Gaussian pulse in a transmission link of two PTMA
antennas is depicted in Fig. 7. Clearly, the received pulse is
not distorted very much. To verify this fact, the S21 parameter
of the link is presented in Fig. 8. The deviation of S21 is less
than 11 dB for the full 4:1 band. It should be considered that
since in this link two similar PTMAs are used, the distortion
is doubled and the real distortion of one PTMA is only half.
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Fig. 5: Improvement of the fitness function of the
of the RCGA algorithm.
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Fig. 7: Transmitted and received pulse in a link.

V.CONCLUSION

A simple real-coded compact genetic algorithm, RCGA,
suited for deceptive optimization problems such as antenna
design has been introduced. The comparison of the
mentioned algorithm with other algorithms has shown
favorable results. AS an illustration of the method, a PTMIA
antenna has been optimized for ultra-wideband applications.
The antenna has been optimized for maximum bandwidth
while having a small size. The result shows an antenna
having about 48% size reduction while working from 3.1
GHz to 11.7 GHz.
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